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Low-pressure mercury lamps are commonly used for germicidal applications such as water and 
wastewater sterilisation. The germicidal effect is due to the emission of light at 254nm, which 
leads to the destruction of most waterborne bacteria. The Microwave Plasma UV Lamp (MPUVL) 
is a new technology for generating a high intensity UV light. A Fluorescent Optical Fibre based 
sensor is presented which is used for monitoring the output of a high power microwave UV light 
source and its control. This sensor is a fibre which has had its cladding removed and been coated 




Water sterilisation by ultra-violet light is intrinsically simple and clean. It requires exposure of 
microbiological systems to UV light within the germicidal region from 200nm to 280nm which includes a 
peak effective germicidal wavelength of  254 nm.  The most common source of UV light within the 
germicidal region is a low-pressure mercury vapour lamp operating with ac voltage at mains (50 Hz) 
frequency. At an operating temperature of about 40°C, approximately 92% of the light is output at a 
wavelength of 254nm, which is close to the effective peak wavelength required for killing or destroying the 
DNA of bacteria. The disadvantage of this lamp is that the output power is limited to 30W per metre based 
upon the domestic fluorescent lamp. Also the necessity for the electrical connections through the quartz 
glass gives a limitation on the lifetime of such lamps. The demand for microwave generated plasma as a 
high power source of UV light is increasing for many industrial applications [1,2]. Microwave energy 
easily passes through the dielectric tube and therefore unlike the conventional lamps, they do not require 
electrodes and the output power is in the order of 1kW per metre. 
However, during the process of producing UV and ozone, it is necessary to know the absolute value of 
microwave energy in the UV plasma in order to perform a specific task for producing the right wavelength 
(254nm) for killing the bacteria, yeast, algae and viruses or alternatively 185nm for ozone production. 
Several techniques have been used to determine the power in the MPUVL such as spectroscopy for 
temperature measurements. If using this technique, an extensive study of the gas and electron temperature, 
electron density etc within the MPUVL is required. This procedure is costly and time consuming (required 
to perform extensive analysis) in order to determine the microwave power and the UV lamp temperature, 
the spectrometer is sensitive to electromagnetic interference from the microwave radiation field and the 
unit price is also high being in the range of £40,000-£60,000. The use of fluorescent optical fibres as 
outlined in this investigation, offers a low cost means of light source monitoring and control. It is also able 
to perform in the presence of high levels of microwave radiation, which causes high level of interference in 
the case of any conventional techniques and sensors. The sensor described in this paper is capable of 
obtaining accurate (5% or better [3]) measurements with a relatively fast response time (<1ms) and hence 
results in better process control and its cost is about 1% of conventional UV spectrometer systems. Optical 
fibre UV detection also offers significant advantages over conventional optoelectronic UV photodetectors 
[3]. If the lamp used were long then several such detectors would be necessary whereas with the fibre-
based sensor all that is required is for the length of the fibre to be increased. This makes the sensor 
particularly suitable for measuring power output distributed over relatively large lengths. The fibre sensor 
is also well adapted for use in water, as there are no electrical parts, which is in contrast with conventional 
UV and other optoelectronic devices. 
 
2. DESCRIPTION OF SENSOR 
 
The fibre used for the sensor in this investigation is a 1mm core diameter PCS fibre which has had its 
cladding removed [4]. The fibre was coated with a layer of Polyvinylidene Fluoride (PVDF) polymer 
containing an active phosphor Europium doped Gadolinium Oxysulphide. The fibre sensor absorbs light 
incident through its sides and emits light of a higher wavelength as shown in fig. 1. This wavelength shifted 
light (visible red) propagates axially through the fibre core, is coupled to a standard 1mm diameter polymer 
fibre (Fibre-Data EH4001) and the optical signal is transmitted to the receiving end of the fibre. The total 
light intensity at the fibre end is dependent on the intensity of the stimulation, the conversion efficiency of 
stimulation to luminescence, geometry, length and transmission loss of the fibre and the doping densities in 
the cladding layer. Marcuse [4] has shown that the amount of light coupled into the core is directly 
proportional to the light intensity emanating from the fluorescent centres in the cladding. The intensity of 
the fluorescent light is also directly related to the doping level of the fluorescent material in the cladding 
layer and the active length of the fibre sensor. The amount of light coupled into the core is therefore 
directly related to the UV output power. The principle of the light coupling mechanism is shown in fig. 2. 
In this investigation the light was detected by a conventional Silicon PIN photodiode. 
 
Figure 1.  Propagation of light through a fluorescent optical fibre. 
 
3. SYSTEM DESCRIPTION AND PRINCIPLE OF OPERATION 
  
The experimental set up is shown in figure 2. The microwave source is a standard industrial magnetron 
operating at 2.45GHz with power rating up to 1kW. The cavity is a tunable short-gap or reentrant type 
constructed from copper and operating at TE10 (Transverse Electric field) mode. The cavity is kept in 
resonance by using a tuning stub to obtain the critical operating frequency 2.45GHz and high Q factor. The 
power is supplied to the cavity via a high quality flexible cable from the microwave source and coupled to 
the cavity via a small loop. The net input power to the cavity is the difference between the transmitted and 
reflected power, which is measured directly by power meters (Figure 2). It is possible with this 
configuration to locate the sensor at various axial positions along the length of the lamp or in parallel with 
the lamp axis such that light is collected along the lamp axis simultaneously.  For the purpose of this 
investigation a single sensor element of 7 cm length was located at a position near the top end of the lamp 
(furthest from the microwave source) as shown in Fig. 2 and at a distance 10 mm away from the from the 
UV lamp surface.   The signal from the PIN photodetector was input to a power meter, which was 
connected to a notebook PC for data logging and analysis. 
The UV lamp consists of a quartz tube filled with argon and mercury vapour at 0.01 torr, and is inserted 
inside the cavity gap (25mm diameter) to a distance of about 10mm (depth into the cavity). The rest of the 
tube length allows the UV radiation to be easily accessed for sterilising applications. The position of the 
end of the UV lamp within the cavity is adjusted to give maximum transfer of microwave power to the 
plasma. 
The fibre sensor was located close to the UV lamp as described above and the power supplied to the cavity 
was varied between 50Watts and 200Watts. Figure 3 illustrates the response of the sensor in terms of 
optical power detected at the receiving end of the fibre. The experimental results show that the sensor 
responds to the output light intensity from the UV source in a manner that is consistent with similar 
commercially available scintillation fibres as previously reported [3].  
The results also show that this sensor is suitable for use in a control loop for power output stabilisation for 
the UV lamp as well as detection of the other wavelength of interest, 185nm (ozone forming region). It is 
also particularly suited to this form of UV lamp, which may be designed in a wide range of shapes and 
lengths. The sensing fibre need only be increased or decreased in length to accommodate different designs 
of the lamp.  
 




Figure 3: Output intensity from the fluorescent doped fibre versus the power delivered to the lamp. 
 
4. TEMPERATURE CONTROL 
 
The mercury vapour pressure depends on the temperature of the tube wall which in turn effects the output 
UV light intensity. Two UV lamps with a diameter of 25mm and lengths of 200mm and 400mm have been 
investigated in order to determine the temperature for optimum efficiency. Figures 4 (a) and (b) represent 
measurements for the 200mm and 400mm UV lamps respectively under various operating input powers in 
the range 0 to 200W at 50W intervals. These figures also show that the peak light output (detected using 
the spectrometer) at 254nm depends on both temperature and power level, but at sufficiently high input 
microwave power, there is an optimum working temperature of about 50°C. 





























   
 
   (a)                                                                                (b) 
Figure 4: Peak Optical Intensity (at 254 nm) for various input powers 
(a) for the 200 mm long  tube. 
(b) for the 400 mm long  tube 
 
The data of figures 4 (a) and (b) were obtained using the spectrometer system referred to above, and 
although useful for calibration purposes, would not be appropriate for monitoring systems on line.  The 
optical fibre sensor developed for this investigation has shown (fig 3) that it is capable of monitoring the 
intensity of the UV output and its geometry makes it applicable in such situations.  Therefore, by 
monitoring the intensity in this manner the sensor may be used to monitor fluctuations in and control lamp 
temperature if the input power is maintained constant. 
 
5. CONCLUSIONS  
 
There are several industrial applications for this type of microwave plasma driven light source especially in 
the drinking water industry where it is necessary to kill potentially life-threatening bacteria. The use of the 
fibre sensor technique has demonstrated its success in the MPUVL monitoring and optimisation being 
especially suited for light source temperature control. This is particularly important where the wavelength 
needs to be determined for operation in the germicidal region (254nm) or the ozone-generating region 
(185nm). The results have demonstrated a maximum departure from linearity of 2% in the power operating 
region (50 to 200W). Apart from its low cost compared to conventional UV spectroscopic techniques, the 
fibre sensor of this investigation has the added advantage of being able to operate in a hostile 
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